The present experimental study was undertaken to provide information on nucleolar changes accompanying the apoptotic process in large or giant binucleate and multinucleate cells (LBMNCs). Such cells were present in a small but constant percentage in cultures of HL-60 cells. The apoptotic process was induced by photodynamic treatment (PDT) by means of 5-aminolaevulinic acid (ALA) as the precursor of the photosensitizer protoporphyrin IX and irradiation with broad spectrum blue light (BL). Nucleolar changes in LBMNCs were characterized by marked reduction or disappearance of silver stained particles representing AgNORs in nucleoli including the large ones. In addition, PDT also significantly reduced the number of nucleoli regardless of their size. These changes apparently reflected the decrease or cessation of nucleolar biosynthetic activities and resembled those which were previously observed in naturally maturing bone marrow megakaryocytes (Janoutová et al., 2001 ).
R ecent studies demonstrated that the photodynamic treatment (PDT) using 5-aminolaevulinic acid (ALA) as the precursor of the photosensitizer protoporphyrin IX and blue light (BL) irradiation induced the apoptotic process in mononuclear leukemic granulocytic precursor cells HL-60 (Grebenová et al., 1998) .The induced apoptotic process, however, was not accompanied by terminal cell maturation in contrast to naturally occurring programmed cell death , Smetana, 2002 . PDT-induced apoptotic process took place by the reduction of AgNORs without nucleolar transformation into micronucleoli. On the other hand, no satisfactory information is available on nucleolar changes produced by the apoptotic process in large (giant) binucleate and multinucleate cells (LBMNCs) of hematopoietic origin. In maturing polyploid megakaryocytes representing LBMNCs with irregularly segmented polymorphic nuclei (Undritz, 1972) , the number of nucleoli and AgNORs decreased to half values in naked megakaryocyte nuclei which are considered as the last developmental stage of this cell lineage (Janoutová et al., 2001) . The number of nucleoli in LBMNCs represented by Reed-Sternberg cells was found to be about 3 and the number of AgNORs ranged between 37 and 50 depending on the histological type of Hodgkin diesease (Mamaev et al., 1997) . No information has so far been presented on the number of nucleoli and on values of AgNORs during the development or apoptotic process of these cells. Therefore, the present study was undertaken to provide more information on nucleolar changes in LBMNCs; in fact such polyploid cells which are present in a small but constant number in HL-60 cell cultures (e.g. see DSMZ -German Collection of Microorganisms and Cell Cultures) appeared to be a very convenient model for the present study. In addition, the mononucleate HL-60 cells represented an internal control of the apoptotic process induced by the PDT.
The results demonstrated that the apoptotic process of LBMNCs was mainly accompanied by a marked reduction of the number of AgNORs represented by silver stained particles; unexpectedly large nucleoli did not give rise to micronucleoli. Interestingly enough similar changes have previously been reported to occur in maturing bone marrow megakaryocytes (Janoutová et al., 2001 ).
Materials and Methods

Photodynamic experiments
Photodynamic experiments inducing apoptotis without preceding terminal maturation were described in detail previously (Grebenová et al., 1998 . Cultures of HL-60 cells (leukemic granulocytic precursors -European Collection of Animal Cell Cultures, Salisbury, UK) containing LBMNCs were preincubated with 1 mM ALA in RPMI 1640 medium supplemented with 25 mM HEPES and 10% FCS for 4 hrs. Cells were then exposed for 1 h to BL (2 Osram Dulux DS9/71 discharge lamps of 2.3W, radiant power in the 400-550 nm range) with a light dose of 18 J/cm 2 . Subsequently, cells were incubated in the dark for 1h. The cell viability was assessed by flow cytometry using propidium iodide (PI) assay: 5 mL of PI (2.5 mg/1 mL phosphate buffered saline) was added to 0.5 mL of the cell suspension (1×10 5 /mL of RPMI 1640 supplemented with HEPES) and samples were submitted to flow cytometry analysis using a Coulter Epics XL flow cytometer. PI positive dead cells were expressed as a percentage of the whole number of analysed events. Cell proliferation was determined by colorimetric immunoassay based on bromodeoxyuridine (BrdU) incorporation during DNA synthesis using the Cell Proliferation ELISA BrdU Kit (Boehringer Mannheim, FRG) following manufacturer´s protocol. The color reaction was recorded using Dynatech MRX microplates reader. The percentage of apoptotic cells was estimated by flow cytometry using APO-BRDU kit (Phoenix Flow System, USA) and a Coulter Epics XL flow cytometer.Three experiments were carried independently with parallel controls unexposed to PDT. Similarly as in the previous study of this laboratory most cells after PDT did not incorporate BrdU and exhibited signs of the apoptotic process as demonstrated previously .
Morphological cytochemical procedures
Cell, nuclear and nucleolar morphology was observed in cytospin preparations using a Shandon II cytocentrifuge (6000 RPM for 10 min). Nucleoli were visualized by a simple method for the demonstration of RNA with methylene blue in McIlvaine´s citric acid buffer (pH 5.3) without previous fixation (Smetana et al., 1969) . In these specimens, nucleoli were classified according to size and distribution of RNA, as described previously (Smetana, 1980) . The silver reaction for AgNORs was carried out under conditions which facilitated the preferential visualization of these nucleolar components as black silver stained particles over a slightly stained pale yellow nucleolar body (Smetana et al., 1999) . In control specimens as well as in specimens submitted to PDT nucleoli were evaluated only in LBMNCs exhibiting clearly defined nuclei ( Figure  1-4) . Phase contrast microscopy was used to determine the number of nuclei per cell, the number of nucleoli per per nucleus and per cell, as well as to classify nucleoli in LBMNCs, after stainig for either RNA or AgNORs. Micrographs were taken with a Camedia digital photocamera C-4040 ZOOM (Olympus, Tokyo, Japan), further magnified, processed and printed using L-view and Power Point Microsoft programs.
Results
LBMNCs derived from HL-60 leukemic granulocytic precursors were regularly present in untreated as well as in treated cultures (Figures 1-3) . However, their incidence never reached more than 2 percent of cells including the apoptotic ones in treated cultures. The large cells mostly possessed 2 nuclei in both untreated and treated cultures (Table  1, 2, Figures 2, 3, 4) . After PDT nuclei of LBMNCs frequently exhibited the chromatin pulverizationgranular condensation visible by the phase contrast microscopy ( Figure 3a) which is considered to be one of signs of the apoptotic process in addition to generally known and characteristic heavy chromatin heavy condensation (Jirsová and Mandys, 1994, Smetana et al., 2000) .
In specimens stained with silver reaction, the number of nucleoli per cell and nucleus in LBMNCs significantly decreased after PDT (Table 1) . In these cells, PDT also significantly reduced the number of AgNORs per cell as well as per nucleus approximately to a half of the original values (Table 1 ). The decreased number or the absence of AgNORs was more distinct in large nucleoli ( Figure  3 ). Such nucleoli, however, still exhibited a rather uniform and small positivity of the silver reaction in the nucleolar body (Figure 3 ). It should be also mentioned that no significant differences in the mean values of the nucleolar diameter were noted between control and treated LBMNCs (Table 1) .
In specimens stained for RNA (Figure 4 ), the number of nucleoli per cell and per nucleus as that revealed by the technique also decreased in treated LBMNCs but the differences were not statistically significant (Table 2) . At this occasion it should be mentioned that the number of nucleoli per cell and per nucleus in control LBMNCs was significantly smaller in these specimens (Table 2 ) than in those stained with the silver reaction for AgNORs (Table   1 ). After PDT the difference was no more significant. Concerning the incidence of main nucleolar types, LBMNCs mostly contained large nucleoli with a relatively uniform distribution of RNA (Figure 4 ) and other nucleolar types such as ring shaped nucleoli or micronucleoli were less frequent in these cells (Table 2) . After PDT the incidence of large nucleoli in LBMNCs cells slightly decreased and that of micronucleoli increased. However, these changes were not statistically significant due to a large variability in the investigated samples (Table  2) .
Discussion
The most apparent nucleolar changes in LBMNCs induced by the apoptotic process without 41 original paper preceding terminal maturation were represented by the reduction of the number of nucleoli and AgNORs per cell and per nucleus in specimens stained with silver reaction. Such changes are similar to those observed in mononuclear leukemic granulocytic precursors published previously . They apparently reflect the inactivation of the nucleolar biosynthetic and cell proliferation activities as demonstrated by previous studies on other cell types (Derenzini et al., 1990 , Hofgartner et al., 1979 , Likovsky and Smetana, 1981 , Trerè et al., 1998 . On the other hand, such nucleoli still exhibited a weak positivity of the silver reaction. This phenomenon might be due to the reduced content of silver stained proteins in fibrillar centers and adjacent nucleolar regions and possibly also to their translocation from these regions; the latter are known to represent sites of RNA transcription and processing, while the former are the stores for proteins participating in this process (Schwarzacher and Wachtler, 1991, Wachtler and Stahl, 1993) . The translocation and redistribution of some nucleolar silver stained proteins after the inhibition of the nucleolar RNA transcription and during apoptosis have also been reported in the literature (Busch, 1997 , Chan et al., 1999 , Martelli et al., 2001 .
The reduction of AgNORs per cell and per nucleus in LBMNCs to a half of the control values after PDT is also interesting. A similar reduction of AgNORs was noted in naked nuclei of megakaryocytes which are terminal stages of the megakaryocytic lineage which is characterized by the development of LBMNCs with irregularly shaped nuclei (Janoutová et al., 2001) . Nucleolar changes in LBMNCs stained for RNA produced by PDT were less apparent since the expected transformation of large nucleoli with a relatively uniform distribution of RNA to micronucleoli was not significant. In contrast, the persistent large nucleoli in specimens stained with silver reaction did not exhibit the presence of AgNORs or contained only their reduced number. Thus in this case large nucleoli were less active or inactive concerning the RNA transcription and AgNORs in LBMNCs were more sensitive markers of the nucleolar alteration than the incidence of main nucleolar types classified according to the size and distribution of RNA. The significantly smaller number of nucleoli per cell and per nucleus in specimens stained for RNA than in specimens stained for AgNORs noted only in control LBMNCs was not surprising. According to previous studies some small nucleoli -micronucleoli -in terminal maturation stages of nucleated blood cells may lose this nucleic acid detectable by light microscopy Smetana, 2000, Smetana et al., 2001) . On the other hand, the lack of such difference after PDT might be also due to the possibility that the slightly increased number of micronucleoli in specimens stained for RNA may not be distinguished from nuclear heterogeneous RNP aggregates described in apoptotic blood cell precursors (Biggiogera et al., 1997; Biggiogera and Pellicciari et al., 2000) . Table 1 
